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1
Introduction
In the last RAN4 meeting #56, a way forward on SCell radio link monitoring was agreed [1]. It was suggested that interested parties further study how to specify the performance requirements for SCell radio link monitoring based on the working assumptions by the next RAN4 ad-hoc meeting in Xi’an.

This contribution analyses what changes are needed in the RAN1/ 2/ 4 specifications for SCell radio link monitoring. 
2
Discussion
2.1
RAN1 specification impact
SCell radio link monitoring can be captured in TS 36.213 [2] as follows. Note that this is just an example in order to estimate the impacts on the RAN1 specifications and that further elaborations would be needed. 
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
4.2.1
Radio link monitoring

The downlink radio link quality of the serving cell (PCell and SCell) shall be monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE shall monitor the downlink radio link quality of the SCell, which is activated and is used as UL path loss reference.
In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period defined in [10], against thresholds (Qout and Qin) defined by relevant tests in [10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality, evaluated over the previous time period defined in [10], against thresholds (Qout and Qin) defined by relevant tests in [10].

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout. When the radio link quality is better than the threshold Qin, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync to higher layers.
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
2.2
RAN2 specification impact
The working assumption [1] has been such that SCell radio link monitoring should not affect any RAN2 protocol specifications:

· UE should not release any UL resource (PUCCH/ SRS) based on SCell radio link monitoring.

· Note: The proposed UE behaviour should be the same as the current behaviour, except stop UL transmission in case of DL out-of-sync.

· Parameters for PCell radio link monitoring, such as T310, N310, and N311, should apply to SCell radio link monitoring.

· SCell radio link monitoring should not affect any RAN2 protocol specifications.

However, one point which should be discussed further is whether or not the UE should create a new transport block in case the UE stops any UL transmissions for an SCell after T310 timer expiry, but UL grant, which might be caused by a PDCCH false alarm, is received. 
As a reference, TS 36.321 [3] in section 5.4.1 specifies that the UE shall not create a new transport block when the TA timer is not running (TA timer expiry): 

From the RAN4 point of view, it does not matter whether the UE creates a new transport block or not, because the motivation to introduce SCell radio link monitoring in RAN4 is to stop spurious UL transmissions and to avoid unnecessary interference. From the system performance point of view, preventing a new transport block might be slightly better, because it will be discarded anyway. This is why the above behaviour has been defined for TA timer expiry. 

Even if such new behaviour is introduced for SCell radio link monitoring, the impact in RAN2 seems to be quite small or almost negligible. No other impact to RAN2 is foreseen to be necessary. Therefore, it is concluded that there would be almost no impacts to RAN2 specifications.
2.3
RAN4 specification impact
SCell radio link monitoring can be captured in TS 36.133 [4] as follows. Note that this is just an example in order to estimate the impacts on the RAN4 specifications and that further elaborations would be needed.
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
7.6
Radio Link Monitoring

7.6.1
Introduction

The UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the serving cell (Pcell and SCell) as specified in [3]. The UE shall monitor the downlink link quality for SCell, which is activated and is used as a path loss reference.
The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the serving cell (Pcell and SCell). 

The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1. 

The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2.

Table 7.6.1-1 PDCCH/PCFICH transmission parameters for out-of-sync

	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols


	2; Bandwidth ( 10 MHz

3; [3] MHz ( Bandwidth ( 5 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz

8; Bandwidth ( 3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the serving cell

1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the serving cell

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the serving cell

1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the serving cell

	Note 1: DCI format 1A is defined in section 5.3.3.1.3 in 3GPP TS 36.212 [21].

Note 2: A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 7.6.1-2 PDCCH/PCFICH transmission parameters for in-sync
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 5 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the serving cell

-3 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the serving cell

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the serving cell

1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the serving cell

	Note 1: DCI format 1C is defined in section 5.3.3.1.4 in 3GPP TS 36.212 [21].

Note 2: A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


7.6.2
Requirements
7.6.2.1
Minimum requirement when no DRX is used 

When the downlink radio link quality for the serving cell (Pcell and SCell) estimated over the last 200 ms period becomes worse than the threshold Qout, Layer 1 of the UE shall send an out-of-sync indication to the higher layers within [200] ms Qout evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in [2]. 

When the downlink radio link quality for the serving cell (PCell and SCell) estimated over the last 100 ms period becomes better than the threshold Qin, Layer 1 of the UE shall send an in-sync indication to the higher layers within 100 ms Qin evaluation period. A L3 filter shall be applied to the in-sync indications as specified in [2]. 

The out-of-sync and in-sync evaluations shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least 10 ms.

The transmitter power for the serving cell (PCell and SCell) shall be turned off within [40] ms after expiry of T310 timer as specified in section 5.3.11 in [2]. 

7.6.2.2
Minimum requirement when DRX is used 

When DRX is used the Qout evaluation period (TEvaluate_Qout_DRX) and the Qin evaluation period (TEvaluate_Qin_DRX) is specified in Table 7.6.2.2-1 will be used. 

When the downlink radio link quality estimated over the last TEvaluate_Qout_DRX [s] period becomes worse than the threshold Qout, Layer 1 of the UE shall send out-of-sync indication to the higher layers within TEvaluate_Qout_DRX [s] evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in [2]. 

When the downlink radio link quality estimated over the last TEvaluate_Qin_DRX [s] period becomes better than the threshold Qin, Layer 1 of the UE shall send in-sync indications to the higher layers within TEvaluate_Qin_DRX [s] evaluation period. A L3 filter shall be applied to the in-sync indications as specified in [2].

The out-of-sync and in-sync evaluations shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max (10 ms, DRX_cycle_length).

Upon start of T310 timer as specified in section 5.3.11 in [2], the UE shall monitor the link for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of T310 timer, for PCell. The UE shall monitor the link for recovery using the evaluation period and Layer 1 indication interval corresponding to the DRX mode irrespective of T310 timer status, for SCell.
The transmitter power for the serving cell (PCell and SCell) shall be turned off within 40 ms after expiry of T310 timer as specified in section 5.3.11 in [2]. 

7.6.2.3
Minimum requirement at transitions 

The out-of-sync and in-sync evaluations shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max (10 ms, DRX_cycle_length).

When the UE transitions between DRX and non-DRX or when DRX cycle periodicity changes, for a duration of time equal to the evaluation period corresponding to the second mode after the transition occurs, the UE shall use an evaluation period that is no less than the minimum of evaluation periods corresponding to the first mode and the second mode. Subsequent to this duration, the UE shall use an evaluation period corresponding to the second mode. This requirement shall be applied to both out-of-sync evaluation and in-sync evaluation.

Table 7.6.2.2-1: Qout and Qin Evaluation Period in DRX

	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤0.04
	   Note (20)

	0.04 < DRX cycle ≤ 0. 64
	   Note  (10)

	0.64 < DRX cycle ≤ 2.56
	Note  (5)

	Note: Evaluation period length in time depends on the length of the DRX cycle in use


++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
3
Conclusions

This contribution analysed what changes are needed in RAN1/ 2/ 4 specifications for SCell radio link monitoring. Based on the analysis, SCell radio link monitoring has very limited specification impact. 
A draft LS to RAN1/2 is available in [5], if these principles are agreeable by RAN4.
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